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Abstract
The alternative approach to QCD analysis
of the structure function F γ2 is presented. It
differs from the conventional one by the pres-
ence of the terms, which in conventional ap-
proach appear in higher orders. The numer-
ical results show that this difference is non-
negligible and may play an important role in
the analysis on photon data of the future ex-
periments.
1 Parton distribution functions
of the photon and their evo-
lutions
Distribution functions qγ(x,Q2) of the pho-
ton satisfy the inhomogeneous evolution
equations
dΣγ(x,Q2)
d lnQ2
= δΣkq + Pqq ⊗ Σ
γ + PqG ⊗G
γ
dGγ(x,Q2)
d lnQ2
= kG + PGq ⊗ Σ
γ + PGG ⊗G
γ
dqγNS(x,Q
2)
d lnQ2
= δNSkq + Pqq ⊗ q
γ
NS (1)
where the ⊗ product denotes the conven-
tional convolution in x-space.
Here
Σγ(x,Q2) =
∑
f
[qγf (x,Q
2) + q¯γf (x,Q
2)],
q
γ
NS(x,Q
2) =∑
f
(e2i − 〈e
2〉2)(qγf (x,Q
2) + q¯γf (x,Q
2)),
where f runs over all relevant quark flavors.
To order α the photon-parton splitting
functions k(x,Q2) and the parton-parton
splitting functions P (x,Q2) in Eq. (1) are
given as power expansions in αS(Q
2).
2 Solving evolution equations
The evolution equations (1) in Mellin mo-
ments
q
γ
i (n,Q
2) ≡
∫ 1
0
dxxn−1qγi (x,Q
2), (2)
read
dΣγ(n,Q2)
d lnQ2
= δΣkq + PqqΣ
γ + PqGG
γ
dGγ(n,Q2)
d lnQ2
= kG + PGq ⊗ Σ
γ + PGGG
γ
dqγNS(n,Q
2)
d lnQ2
= δNSkq + Pqqq
γ
NS
The solution of (1) can be separated into
the so-called pointlike part, related to a spe-
cial solution of the full inhomogeneous equa-
tion and hadron-like part, arising as a gen-
eral solution of the homogeneous equation.
In Mellin moments it reads:
qγ(n,Q2) = qγPL(n,Q
2) + qγhad(n,Q
2). (3)
It is straightforward to find such a solution in
Mellin moments. The LO pointlike solution
is given by [4]
q
γ
PL =
4pi
αS(Q2)

1−
(
αS(Q
2)
αS(Q20)
)1−( 2
β0
)P (0)


1
1− 2β0P
(0)(n)
α
2piβ0
k(0)(n)
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and the LO hadronic solution by
q
γ
had(Q) =
(
αS(Q
2)
αS(Q20)
)
−2P (0)/β0
q
γ
had(Q
2
0)
With the explicit solutions for the photonic
parton distributions qγNS , Σ
γ and Gγ at hand
it is now straightforward to obtain the pho-
ton structure function F γ2 (n,Q
2) given as
F
γ
2 (n,Q
2) =
q
γ
NS(n,Q
2)Cq(n) +
α
2pi
δNSCγ(n) +
<e2>
(
Σ(n,Q2)Cq(n) +G(n,Q
2)CG(n)
)
+
α
2pi
< e2 > δΣCγ(n)+
where the coefficient functions Cq(x), CG(x)
and Cγ(x) enter the F
γ
2 in convolution with
the photon distributions.
In the following chapter I will present a
basic features of the alternative approach to
the analysis of the structure function F γ2 .
3 Alternative approach to QCD
analysis of F
γ
2
First I will recall the conventional formula-
tion of QCD analysis of F γ2 in LO. This ap-
proach is based on the assumption that
1
x
F
γ,LO
2 (x,Q
2) = qγNS(x,Q
2) +
< e2 > Σγ(x,Q2)
with the pointlike parts of non-singlet and
singlet distributions satisfing the evolution
equation with r.h.s including splitting func-
tions k(0) and P (0) only.
The alternative approach [2] is based on
different definition of the terms ”leading”
and the ”next-to-leading” approximation to
F
γ
2 . It is argued [2] that complete LO anal-
ysis of the F γ2 requires the inclusion of four
known, but in the conventional LO analysis
unused quantities. Note, that the modifica-
tion concerns only point-like part of F γ2 . For
more details, please see [2].
The LO formula for F γ,PL2 in this approach
reads
1
x
F
γ,LO,PL
2,alter. (x,Q
2) =
q
γ,PL
NS (x,Q
2) +
〈
e2
〉
ΣγPL(x,Q
2) +
αs
2pi
C(1)q ⊗ q
γ
NS +
〈
e2
〉 αs
2pi
C(1)q ⊗ q
γ
Σ +
δNS
α
2pi
C(0)γ +
〈
e2
〉
δΣ
α
2pi
C(0)γ +
δNS
α
2pi
αs
2pi
C(1)γ +
〈
e2
〉
δΣ
α
2pi
αs
2pi
C(1)γ .
This expression differs from (4)
• by appearance of the contributions of
the photonic coefficient functions C
(0)
γ
and C
(1)
γ ,
• by appearance of the convolution of
quark coefficient function C
(1)
q with qNS
and qΣ,
• by the fact that k
(1)
NS resp. k
(1)
q and k
(1)
g
are included in the evolution equations
for qγNS resp. Σ
γ .
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Figure 1: Contributions to LO QCD expres-
sion for the pointlike part of F γ2 included in
alternative approach for Q2 = 100 GeV2
The numerical representation of all contri-
butions are shown in Fig.(1). Note, that all
contributions evolve in Q2 (except the term
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proportional to C
(0)
γ , which doesn’t depend
on Q2), but the shapes of these contribu-
tions stay unchanged (as shown on animated
graphs in [1]). The common contribution of
terms proportional to the coefficient func-
tions C
(0)
γ and C
(1)
γ give the positive con-
tribution in the region x . 0.85. In region
x & 0.85 dominates the negative contribu-
tion ∝ C
(0)
γ , which is strengthened by nega-
tive contribution ∝ C
(1)
γ close to x = 1.
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Figure 2: Comparison of the pointlike part of
F
γ
2 in conventional and alternative approach
for Q2 = 100 GeV2
The contribution ∝ C
(1)
q , entering
throught the convolution with distribution
function qNS and qΣ has quantatively the
same shape as k
(1)
q and make the positive
corection close to x = 1.
Finally, the effect of taking the kq into the
evolution equations for q is evident from com-
parison of line 1 and 2 in Fig. (1).
Putting contributions together we can
compare F γ2,PL in both approaches (Fig. (2)).
Numerically, in the alternative approach,
F
γ
2,PL lie higher in region up to x
.
= 0.9,
in region x
.
= 0.8 even notably higher. In
contrary, in the region close to x = 1, the
values of F γ2,PL in alternative approach de-
crease much faster then values of F γ2,PL in
convetional one. This is due to the inclusion
of C
(0)
γ .
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Figure 3: Example of comparison of the nu-
merical difference of two approaches of count-
ing F γ2 in LO with the experimental errors for
Q2 = 13.1 GeV2
The significance of numerical difference be-
tween both approaches becomes more clear,
if we compare these differences with errors
of data on F γ2 . If we aim to the data where
their errors are resonably small, we can con-
clude, that this difference is numerically im-
portant. An ilustration is presented in Fig.
(3). Is evident that the numerical difference
between both approaches is bigger then the
accuracy of measurement of data on F γ2 . An-
other exaple could be found in [1].
4 QCD analysis of the structure
function F
γ
2 in LO
In this chapter I will briefly present the
results of the QCD analysis of the struc-
ture function F γ2 in alternative approach. I
adopted the Fixed-Flavour-Number Scheme
model (FFNSCJKL) presented in [3] as a toy
model, where the implementation of the al-
ternative approach will be easy to realize and
I compared my results with those of autors
of [3].
In FFNSCJKL we deal only with 3 lights
quarks (u,d,s), contributions of the massive
c and b quarks are assumed to be given by
the Bethe-Heitler formula. The input scale
Photon 2007
is chosen to be small, Q20 = 0.25 GeV
2 and
the input hadronic distribution generated via
Vector Meson Dominance (VDM) model. For
more details see [3].
4.1 Global fits and results
I have performed fit to 182 data points. It
is based on the least-squares principle (mini-
mum of χ2) performed in MINUIT. System-
atic and statistical errors on data points were
added in quadrature.
For nf = 3 I took the QCD scale Λ
(3) =
314 MeV and the masses of the heavy quarks
are taken to be mb = 1.3 GeV and mc = 4.3
GeV
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Figure 4: Example of fit performed for
the structure function F γ2 in alternative ap-
proach for Q2 = 13.7 GeV2. For 182 data
points I reached χ2 = 321
Three parameters α, β and κ describing a
boundary condition and value of χ2 in both
approaches are presented in Tab.(1). In al-
ternative approach I have reached a slightly
smaller value of χ2 then in conventional one
presented in [3]. Graphical ilustration of the
result of my fit is in Fig. (4). For full set of
figures, please see [1].
At present, there is no obstacle to per-
form NLO analysis of F γ2 in alternative ap-
proach. Such an analysis requires the inclu-
sion of quantities k(2), C
(1)
γ and C
(2)
γ in addi-
Approach χ2 κ α β
Coventional 357 1.726 0.465 0.127
Alternative 321 0.899 1.236 3.103
Table 1: The χ2 for 182 points and parame-
ters of the fit in conventional and alternative
approach in the FFNSCJKL model.
tion to the conventional one. All these quan-
tities have already been calculated or can be
derived from those of [5]. The work on this
is currently in progress.
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